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ABSTRACT 
T h i s  r e p o r t  c o n s i s t s  of f i v e  NASA-Lewis Research Cen te r  s p e c i f i c a t i o n s  
on t h e  c l e a n i n g ,  f u s i o n  weld jng ,  and p o s t h e a t i n g  of  t an ta lum and 
columbium a l l o y s ,  These s p e c i f i c a t i o n s  a r e  in t ended  f o r  t h e  use  of  
NASA-Lewis and its c o n t r a c t o r s  t o  h e l p  i n s u r e  t h e  product ion  o f  
def  e c t - f  ree weldments 
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SUMMARY 
F i v e  s p e c i f i c a t i o n s  have been prepared  on t h e  s u b j e c t s  of c l e a n i n g ,  
f u s i o n  weld ing ,  and p o s t h e a t i n g  columbium and t an ta lum a l l o y s .  
Adherence t o  t h e s e  s p e c i f i c a t i o n s  should  h e l p  a s s u r e  weldment 
r e l i a b i l i t y .  These s p e c i f i c a t i o n s  a r e  in t ended  t o  s e r v e  a s  s t a n d a r d s  
f o r  f u t u r e  programs conducted by NASA-Lewis Research Center  and i ts  
c o n t r a c t o r s .  I n  many a r e a s ,  t h e  s p e c i f i c a t i o n s  a r e  s t r i n g e n t ;  how- 
e v e r ,  t h e  degree  of c a r e  s p e c i f i e d  h e r e i n  is b e l i e v e d  t o  be j u s t i f i e d  
because  of m a t e r i a l  expense,  h igh  f a b r i c a t i o n  c o s t s ,  and r e q u i r e d  
s e r v i c e  performance. 
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INTRODUCTION 
The group of  s p e c i f i c a t i o n s  inc luded  h e r e i n  
f u s i o n  weld ing ,  and p o s t h e a t i n g  of t a n t a l u m  
cover  t h e  c l e a n i n g ,  
and columbium a l l o y s .  
These s p e c i f i c a t i o n s  a r e  in t ended  t o  s e r v e  a s  s t a n d a r d s  f o r  f u t u r e  
programs conducted by NASA-Lewis Research Center  and i t s  c o n t r a c t o r s  
i n  f a b r i c a t i n g  aerospace  t e s t  components f rom t h e s e  a l l o y s .  They ' 
a r e  inc luded  i n  t h h ' r e p o r t  format  t o  document t h e  c u r r e n t  s t a t e - o f -  
technology and f o r  p o s s i b l e  use  by o t h e r  o r g a n i z a t i o n s  working wi th  
t h e s e  a l l o y s .  
Requirements l i s t e d  i n  t h e s e  s p e c i f i c a t i o n s  a r e  s t r i n g e n t  i n  many 
a r e a s .  But t h i s  l eve l  of  c a r e  i s  f e l t  t o  b e  necessa ry  i n  o r d e r  t o  
g i v e  maximum q u a l i t y  a s su rance .  Tantalum and columbium a l l o y s  a r e  
extremely s e n s i t i v e  t o  pickup of i m p u r i t i e s ,  s o  g r e a t  c a r e  must b e  
e x e r c i s e d  t o  minimize t h e  p o s s i b i l i t i e s  of  contaminat ion .  Components 
f a b r i c a t e d  from t h e s e  * a l l o y s  a r e  ex t remely  expensive because  o f  mate- 
r i a l  and p rocess ing  c o s t s .  S e r v i c e  f a i l u r e  due t o  t h e  use  of improper 
procedures  i n  t h e  p r e p a r a t i o n  of  weldments would i n c u r  a d d i t i o n a l  
c o s t s  and l o s t  service t ime.  Thus, f o r  advanced space  power systems 
and o t h e r  aerospace  a p p l i c a t i o n s ,  columbium and t an ta lum a l l o y  weld- 
ments must b e  h i g h l y  r e l i a b l e .  Close adherence t o  t h e s e  s p e c i f i c a t i o n s  
should  heLqTassure such r e l i a b i l i t y .  
The s p e c i f i c a t i o n s  a r e  based  on General  E lec t r i c  Company (Nuclear 
Systems Programs) and o t h e r  documents r e s u l t i n g  from t h e  weld ing  
technology t h a t  was developed on NASA-Lewis sponsored c o n t r a c t  pro- 
grams ( r e f e r e n c e s  1, 2 ,  3 ,  and 4 ) .  However, s e v e r a l  impor t an t  changes 
have been made a n d ' a r e  i n c o r p o r a t e d  i n  t h e  s p e c i f i c a t i o n s  inc luded  i n  
t h i s  r e p o r t . .  These changes have r e s u l t e d  from r e c e n t  expe r i ences  of 
s e v e r a l  o r g a n i z a t i o n s  working w i t h  t h e s e  a l l o y s . *  
*Helpful  comments on t h e s e  s p e c i f i c a t i o n s  were r e c e i v e d  from W. R. Young 
of General  E lec t r i c  Company and G. G .  Lessmann o f  Westinghouse E lec t r i c  
Company. 
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The s p e c i f i c a t i o n s  inc luded  h e r e i n  a r e  a s  f o l l o w s :  
Numb e r 
RM- 1 
RM- 2 
RM-3 
RM-4 
RM- 5 
T i t l e  of S p e c i f i c a t i o n  
Chemical Cleaning  of  Columbium, Tantalum, and 
The i r  A l loys  
Gas Tungsten-Arc Welding of  Columbium, Tantalum, 
and Thei r  A l loys  
E l e c t r o n  Beam Welding of Colurribium, Tantalum, and 
T h e i r  A l loys  
R e s i s t a n c e  Spot  Welding of Refr.a&ory Meta l  F o i l  t o  
R e f r a c t o r y  Metal  Components 
P o s t h e a t i n g  o f  Cb-1Zr and T-111 ‘(Ta-8W-2Hf) 
We ldment s 
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f NASA-LEWIS SPECIFICATION NO. RM-1 
CHEMICAL CLEANING OF COLUMBIUM3 TANTALUM, AND THEIR ALLOYS 
--% 
JtiflF-’Y!3 7 2  ‘ I  
I. SCOPE 
Th i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  r equ i r emen t s  f o r  t h e  chemical  
c l e a n i n g  of columbium, columbium a l l o y ,  t a n t a l u m ,  and t a n t a l u m  a l l o y  
products .  Chemical (ac id)  c l e a n i n g  is n o t  p e r m i s s i b l e  on subassem- 
b l i e s  t h a t  c o n t a i n  opera c r e v i c e s .  
I1 REQUIREMENTS 
A. M a t e r i a l s  
The m a t e r i a l s  r e q u i r e d  under t h i s  s p e c i f i c a t i o n  a r e  h y d r o f l u o r i c  
a c i d  (48% s o l u t i o n )  , n i t r i c  a c i d  (70% s o l u t i o n ) ,  s u l f u r i c  a c i d  
(95% s o l u t i o n ) ,  and f l a k e  sodium hydroxide .  A l l  c o n c e n t r a t i o n s  
a r e  i n  p e r c e n t  by w e i g h t .  
B e  Equipment 
1. Acid Tank: The a c i d  t a n k  must be r e s i s t a n t  t o  h y d r o f l u o r i c /  
n i t r i c / s u l f u r i c  a c i d  mix tu res .  
2 .  Wash Tank: The wash t a n k  s h a l l  have c o n t r o l l e d  h e a t  and 
a g i t a t i o n .  
3 .  F i x t u r e s :  The product  r e t a i n i n g  f i x t u r e s  s h a l l  be r e s i s t a n t ‘  
t o  hydrofluoric/nitric/sulfuric a c i d  mixtures .  
4. Pe r sonne l  P r o t e c t i o n :  S a f e t y  equipment and c l o t h i n g  s h a l l  be 
used. 
5. Water Control :  Water s o f t e n e r  and d e i o n i z e r  equipment s h a l l  
be provided.  
C. S a f e t y  
The s o l u t i o n s  r e q u i r e d  f o r  t h e  proper  chemical  c l e a n i n g  of 
columbium and t a n t a l u m  m a t e r i a l s  a r e  EXCEEDINGLY HAZARDOUS. 
Extreme c a u t i o n ,  a s  o u t l i n e d  below, s h a l l  be  e x e r c i s e d  i n  t h e  
p r e p a r a t i o n  and u s e  of t h e  s o l u t i o n s :  
1. Clothing:  P r o t e c t i v e  c l o t h i n g  s h a l l  be mandatory. 
2. S igns :  Proper  warning s i g n s  s h a l l  be pos ted  a t  each e n t r a n c e  
t o  t h e  c l e a n i n g  a r e a .  
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3. Access: Access t o  t h e  f a c i l i t y  s h a l l  b e  t o  a u t h o r i z e d  person- 
n e l  on ly .  
4. S a f e t y  Center :  An emergency s a f e t y  c e n t e r  s h a l l  be e s t a b l i s h e d  
and equipped wi th  t h e  proper  a c i d  a n t i d o t e s ,  equipment,  and 
d i r e c t i o n s  f o r  t h e i r  usage,  a s  s p e c i f x e d  and demonstrated by 
t h e  p l a n t  i n d u s t r i a l  h y g i e n i s t .  
D. Su r face  P r e p a r a t i o n  
A l l  s u r f a c e s  of t h e  columbium, columbium a l l o y ,  t an t a lum,  and 
t a n t a l u m  a l l o y  products  s h a l l  be  f r e e  of  g r i t ,  m e t a l l i c  c h i p s ,  
g r e a s e ,  o i l ,  f i n g e r p r i n t s ,  o r  any o r g a n i c  markings. S o l u t i o n s  
used  f o r  c l e a n i n g  s h a l l  be o f  s u f f i c i e n t  pu r i ty .  t o  p reven t  
accumulat ion o f  u n d e s i r a b l e  r e s i d u e s  a f t e r  dry ing .  
E. F i n a l  Water Rinse  
The d e i o n i z e r  s h a l l  b e  capab le  o f  ma in ta in ing  a spec i f i c  r e s i s t a n c e  
o f  t h e  f i n a l  r i n s e  wa te r  of  g r e a t e r  t h a n  200,000 ohms/cm. 
I I I. PRO CEDURE 
A. S o l u t i o n  
. *-- 
The composif ion of t h e  s o l u t i o n  s h a l l  be  a s  f o l l o w s :  
Columbium and Tantalum and 
Columbium Al loys  Tantalum A l l o y s  
( p a r t s  by volume) ( p a r t s  by volume) 
Hydro f luo r i c  a c i d  (48% s o l u t i o n  1 .5  
by weight)  
N i t r i c  a c i d  (70% s o l u t i o n  by weight)  2 
S u l f u r i c  a c i d  (95% s o l u t i o n  by 1 
weight)  
Water 5 .5  
1 
4 
1 
2 
The q u a n t i t y  of  c l e a n i n g  s o l u t i o n  s h a l l  be  c a l c u l a t e d  o r  measured 
s o  t h a t  on ly  enough a c i d  is prepared  f o r  t h e  p i c k l i n g  o p e r a t i o n .  
(Acids shou ld  always be added t o  t h e  w a t e r ;  NEVER t h e  r eve r se . )  
The prepared s o l u t i o n  s h a l l  be  tho rough ly  a g i t a t e d  t o  i n s u r e  com- 
p l g t e  mixing. 
50 The a c i d  s o l u t i o n  should  be  d i s -  
posed of  a s  soon a s  possiSjle a f t e r  it is no l o n g e r  u s e f u l ,  a s  
d e s c r i b e d  i n  S e c t i o n  I V , A ,  by n e u t r a l i z i n g  wi th  soaium hydroxide  
s o l u t i o n  t o  a pH range of 5.2-10.8 i n  a sump t ank .  The n e u t r a l i z e d  
s o l u t i o n  w i l l  t h e n  be  d i l u t e d  by 50% w i t h  wa te r  b e f o r e  t h e  sump is 
pumped o u t  i n t o  t h e  p l a n t  was te  system. 
The t empera tu re  of  t h e  s o l u t i o n  shou ld  n o t  exceed 
C (125' F) d u r i n g  p i c k l i n g .  
B. Loading 
The p r o d u c t - r e t a i n i n g  f i x t u r e  s h a l l  be loaded  s o  t h a t  t h e  c lean-  
i n g  s o l u t i o n  s h a l l  have f r e e  a c c e s s  t o  a l l  s u r f a c e s  of t h e  charge .  
To a s s u r e  uniform c l e a n i n g ,  t h e  r e t a i n i n g  f i x t u r e  shou ld  be loaded  
w i t h  products  w i t h  a s  s i m i l a r  dimensions a s  p o s s i b l e ,  
C. Acid Immersion 
The chemical  c l e a n i n g  o p e r a t i o n  s h a l l  be scheduled  immediately 
p r i o r  t o  any f a b r i c a t i o n  process  i n  o r d e r  t o  ma in ta in  a minimum 
s t o r a g e  t i m e  f o r  c leaned  s t o c k .  
The products  t o  b e  c l eaned  s h a l l  b e  t o t a l l y  immersed i n  t h e  s o l u -  
t i o n  and a g i t a t e d  by g e n t l y  r a i s i n g  and lower ing  t h e  r e t a i n i n g  
f i x t u r e  benea th  t h e  s u r f a c e  of t h e  s o l u t i o n .  If hol lows  ( t u b e s ,  
p i p e s ,  c y l i n d e r s ,  e t c . )  a r e  b e i n g  c l eaned ,  t h e  a g i t a t i o n  s h a l l  be  
achieved  by moving t h e  r ack  back and f o r t h  i n  t h e  s o l u t i o n  t o  
i n s u r e  a cont inuous  supply  o f  f r e s h  s o l u t i o n  t o  t h e  i n t e r n a l  s u r -  
f a c e s .  The immersion t ime w i l l  v a r y  depending on t h e  mass and 
c o n f i g u r a t i o n  of  t h e  products .  The amount of s t o c k  removal r e q u i r e d  
s h a l l  b e  s p e c i f i e d  by t h e  P r o j e c t  Manager. 
D, Water Rinse 
Af te r  t h e  a c i d  immersion, t h e  r e t z i n i n g  f i x t u r e  s h a l l  be r a i s e d  
above t h e  s o l u t i o n  and immersed immediately i n  c l e a n ,  f l owing  
domest ic  wa te r  and a g i t a t e d  by a i r  spa rg ing .  F a s t  t r a n s f e r  from 
a c i d  s o l u t i o n  t o  water  r i n s e  s h a l l  b e  used i n  o r d e r  t o  p reven t  
s u r f a c e  d r y i n g  of t h e  a c i d  s o l u t i o n .  Immersion i n  t h e  wa te r  r i n s e  
s h a l l  b e  f o r  go l ess  ghan 30 minutes  w i t h  t h e  water  a t  a tempera- 
t u r e  above 50 C (125 F ) .  Any r e s i d u e  remaining on t h e  s u r f a c e  of  
t h e  cleaned-and-r insed products  is t o  b e  wiped o f f  w i t h  a c l e a n  
c o t t o n  c l o t h .  I n t e r n a l  s u r f a c e s  of hol lows a r e  a l s o  r e q u i r e d  t o  be 
wiped c l e a n  w i t h  a c l e a n  c l o t h  by swabbing. After  t h e  c l e a n i n g  of  
any s u r f a c e  w i t h  a c l o t h ,  t h e  product  is t o  b e  re-immersed i n  f low- 
i n g  water  and a g i t a t e d  by a back-and-for th  movement f o r  a pe r iod  of 
n o t  l e s s  t h a n  f i v e  minutes .  Note: R ins ing  is a most impor t an t  s t e p  
because  p i c k l i n g  r e s i d u e s  can  cause  s u r f a c e  contaminat ion  o r  s e v e r e  
o u t g a s s i n g  of t h e  samples on h e a t i n g .  I n  edge p r e p a r a t i o n  s t u d i e s ,  
weld p o r o s i t y  h a s  been a s s o c i a t e d  w i t h  p i c k l i n g  r e s i d u e .  
E. Deionized Water Rinse 
Fol lowing t h e  wa te r  r i n s e ,  t h e  p roduc t s  s h a l l  b e  immersed f o r  a 
minimum of  f i v e  minutes  i n  de ion ize$  wa te r  Asonic a g i t a t i o n  i f  
poss ib l e )  a t  a tempera ture  above 50 C (125 F) .  The r e s i s t a n c e  
o f  t h e  wa te r  is t o  be  main ta ined  above 200,000 ohms/cm. D i s t i l l e d  
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wa te r  meet ing t h e  r e s i s t a n c e  requi rements  may be  s u b s t i t u t e d  f o r  
de ion ized  wa te r .  The de ion ized  wa te r  r i n s e  t a n k  should  n o t  con- 
t a i n  any v i s i b l e  d e i o n i z i n g  r e s i n .  
Drying 
Drying of  t h e  c leaned  and r i n s e d  p roduc t s  can be accomplished 
e i t h e r  by d r i p  d r y i n g  on t h e  r e t a i n e r  f i x t u r e ,  by rewracking on 
a d r y i n g  f i x t u r e ,  o r  by r i n s i n g  wi th  e t h y l  a l c o h o l  fo l lowed by 
d r i p  d r y i n g  o r  h o t  a i r  f l a s h  dry ing .  
Vacuum Heat Treatment 
A t  t h e  d i s c r e t i o n  of t h e  P r o j e c t  Manager t h e  c l eaned  agd d r i e d  
p roduc t s  may be subject t o  vacuum h e a t  t r e a t e d  a t  1100 
f o r  15  minutes  t o  dec rease  t h e  p o s s i b i l i t y  of hydrogen pickup from 
t h e  p r i o r  c l e a n i n g  o p e r a t i o n .  
C (2012' F) 
P r e p a r a t i o n  f o r  De l ive ry  
The c l eaned  and d r i e d  products  s h a l l  b e  t r a n s f e r r e d  immediately 
t o  c l e a n  polye thylene  o r  c l e a n  g l a s s  a s  t h e  only  a c c e p t a b l e  con- 
t a i n e r  m a t e r i a l s .  S p e c i a l  c a r e  must b e  t aken  t o  avoid  s c r a t c h i n g  
of  t h e  po lye thy lene  and t h u s  contaminat ing  t h e  me ta l  system. 
Cleaned p roduc t s  s h a l l  be  handled u s i n g  c l e a n  nylon g loves .  
I V .  QUALITY ASSURANCE PROVISIONS 
A. Stock Removal Rate  
B 
The s t o c k  removal r a t e s  of columbium, columbium a l l o y ,  t an t a lum,  
o r  t an ta lum a l l o y  products  a r e  t o  b e  determined egpe r imen ta l ly  a 
minimum of  once a day d u r i n g  any pe r iod  of  t i m e  t h a t  t h e  a c i d  
s o l u t i o n  is i n  cont inuous  use  o r  p r i o r  t o  t h e  c l e a n i n g  of  t h e  
p roduc t s ,  i n  t h e  event  t h a t  t h e  a c i d  s o l u t i o n  has  n o t  been used 
f o r  a l o n g  pe r iod  of time and s i g n i f i c a n t  evapora t ion  has  occur red  
The s t o c k  removal r a t e  is t o  b e  determined by immersing two t a b s ,  
approximately 1 mm x 1 . 3  c m  x 1 . 3  c m  (0.040-inch x 0.5- inch x 0.5- 
i n c h ) ,  of t h e  m a t e r i a l  t o  b e  c l eaned  i n  t h e  a c i d  s o l u t i o n  f o r  a 
pe r iod  of 10-minutes. The a c i d  s o l u t i o n  is t o  be r ep laced  i f  t h e  
s t o c k  removal r a t e  exceeds 0.08 mrn (0 .003-inch)/s ide o r  i s  l e s s  
t h a n  2 . 5  urn (O.OOOl-inch)/side. 
Chemical Ana lvs i s  
A t  i n t e r v a l s  of a t  l e a s t  once a month, chemical  a n a l y s i s  of  a t a b  
(desc r ibed  i n  paragraph I V ( A ) )  s h a l l  b e  performed f o r  hydrogen. 
A hydrogen i n c r e a s e  of g r e a t e r  t h a n  2 ppm over  t h e  o r i g i n a l  prod- 
u c t  a n a l y s e s  s h a l l  be  cause  f o r  r e p l a c i n g  t h e  a c i d  o r  a d j u s t i n g  
t h e  composi t ion t o  reduce  t h e  e x t e n t  of hydrogen pickup. 
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C. V i s u a l  Examination 
V i s u a l  examinat ion of  t h e  c l eaned  p roduc t s  a f t e r  t h e  f i n a l  r i n s e  
s h a l l  r e v e a l  a cont inuous  f i l m  of  water  over  t h e  s u r f a c e s .  A 
d i scon t inuous  f i l m  of  wa te r  on t h e  s u r f a c e s  is i n d i c a t i v e  of 
improper o r  i n s u f f i c i e n t  c l ean ing .  Any product  t h a t  shows a d i s -  
cont inuous  f i l m  of water  on i t s  s u r f a c e  s h a l l  be r e c y c l e d  through 
t h e  a c i d  c l e a n i n g  s o l u t i o n .  
D. R e j e c t i o n  
Weldments and components n o t  c l eaned  acco rd ing  t o  t h i s  s p e c i f i -  
c a t i o n  s h a l l  be r e j e c t e d .  
E. Repor ts  
A r e p o r t  s h a l l  b e  submi t ted  wi th  t h e  c l eaned  weldments o r  com- 
ponents .  The ififormation l i s t e d  i n  E x h i b i t  I s h a l l  be inc luded ,  
b u t  n o t  n e c e s s a r i l y  i n  t h a t  format .  
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EXHIBIT I 
PROCESS CONTROL RECORD 
Date S u b j e c t  
Cont rac t  No. and Thei r  Alloys 
Chemical Cleaning of Columbium, Tantalum, 
P a r t  Name and Mate r i a l :  
Amount of  Stock Removed: 
Process  Cont ro l  Procedure:  
General  Observa t ions :  
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NASA-LEWIS SPECIFICATION NO. RM-2 
GAS TUNGSTEN-ARC WELDING OF 
COLUMBIUM, TANTALUM, AND THEIR ALLOYS 
J U N E  1971 
I. SCOPE 
Th i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  procedures ,  p rocess  s u b s t a n t i a t i o n ,  
and q u a l i t y  requi rements  f o r  g a s  t u n g s t e n - a r c  welding columbium, t a n -  
t a lum,  and t h e i r  a l l o y s .  F i e l d  welding a s  de f ined  i n  I tem I11 is  
a l s o  covered. 
11. APPLICABLE DOCUMENTS 
AWS A3.0-69 Terms and D e f i n i t i o n s  
AWS A2.0-68 Standard  Welding Symbols 
AWS A5.12-69 Tungsten Arc-Welding E l e c t r o d e s  
NASA-Lewis S p e c i f i c a -  Chemical Cleaning of  Columbium, Tantalum, 
t i o n  No. RM-1 and The i r  A l loys  
NASA-Lewis S p e c i f i c a -  P o s t h e a t i n g  Cb-1Zr and T-111 (Ta-8W-2Hf) 
t i o n  No. RM-5 We ldments  
AWS A2.2-69 Nondes t ruc t ive  T e s t i n g  Symbols 
I.. 
ASTM E94-62T 
ASTM E142-64 
ASTM E165-65 
111. DEFINITIONS 
T e n t a t i v e  Recommended P r a c t i c e  f o r  Radio- 
g r a p h i c  T e s t i n g  
A. Gas Tungsten-Arc Welding 
C o n t r o l l i n g  Q u a l i t y  of  Radiographic  T e s t i n g  
L iqu id  Penetr.ant I n s p e c t i o n  
: An arc-welding process  wherein coa le scence  is produced by h e a t i n g  
w i t h  an a r c  between a s i n g l e  t u n g s t e n  (noncomsumable) e l e c t r o d e  
and t h e  work. S h i e l d i n g  is ob ta ined  from argon o r  helium. A 
f i l l e r  me ta l  may o r  may n o t  be used.  (This  process  has  sometimes 
been c a l l e d  TIG welding.)  
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B. F i e l d  Welding 
Gas t u n g s t e n - a r c  weld ing  components i n  vacuum-purge chambers a t  
t h e  f a c i l i t y  s i t e :  f o r  components t h a t  a r e  t o o  l a r g e  t o  assemble 
i n  a v a i l a b l e  vacuum-purge welding chambers des igned  f o r  r e f r a c t o r y  
me ta l  welding.  
8 IV.  REQUIREMENTS 
A. M a t e r i a l s  
1. I n e r t  Gases:  Cons ider ing  normal weld chamber atmosphere deg- 
r a d a t i o n  r a t e s  and t h e  pe r iod  of t ime  involved  i n  a t y p i c a l  
weld ing  c y c l e ,  u l t r a - p u r e  hel ium o r  argon is requ i r ed .  Impu- 
r i t i e s  i n  t h e  i n e r t  g a s e s  s h a l l  be l e s s  t h a n  2 ppm oxygen, 
l e s s  t h a n  7 ppm n i t r o g e n ,  and l e s s  t h a n  2 ppm wa te r  vapor .  
2 .  E l e c t r o d e s :  The t u n g s t e n  e l e c t r o d e s  s h a l l  conform t o  Class  
EWTh-2 per  AWS 5.12-69. 
3 .  F i l l e r  Wire: Welding f i l l e r  m a t e r i a l  composi t ion s h a l l  con- 
form t o  t h e  chemical  r equ i r emen t s  f o r  t h e  b a s e  me ta l ,  u n l e s s  
o the rwise  s p e c i f i e d .  
B. Equipment 
1. Welding Machine: A d i r e c t  c u r r e n t ,  a rc -weld ing  machine s h a l l  
be used. 
2.  Welding Chamber: 
a .  Chambers Designed f o r  R e f r a c t o r y  Metal Welding - The 
weld ing  s h a l l  be done i n  an enclo3ed chamber t h a t  can 
be evacuated  t o  l e s s  t h a n  1 x 10-  t o r r .  The l e a k  r a t e  
s h a l l  r e s u l t  i n  a p r e s s u r e  i n c r e j s e  of n o t  more t h a n  f i v e  
m i c r o n s h o u r  s t a r t i n g  a t  1 x 10- 
The chamber s h a l l  be  equipped w i t h  g love  p o r t s .  
t o r r  p r e s s u r e  o r  l e s s .  
b.  F i e l d  Welding Chambers - F i e l d  weld ing  s h a l l  be  done i n  
an enc losed  l e a k - t i g h t  chamber t h a t  can be  evacuated  t o  
l e s s  t h a n  25 microns p re s su re .  The chamber s h a l l  be con- 
s t r u c t e d  of s t a i n l e s s  s t e e l  w i t h  Pyrex (o r  e q u i v a l e n t  
h e a t - r e s i s t a n t  g l a s s )  view p o r t s .  The chamber s h a l l  be  
equipped w i t h  g love  p o r t s .  Chamber s e a l s  i n  c o n t a c t  w i t h  
t h e  r e f r a c t o r y  me ta l  components s h a l l  be  an adequate  d i s -  
t a n c e  from t h e  weld zone t o  p reven t  o v e r h e a t i n g  and con- 
t a m i n a t i o n  of t h e  work. 
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C. 
3.  Gloves : Neoprene rubbe r  g loves  , 0.08-mm (0.030-inch) t h i c k  , 
s h a l l  be  s e a l e d  g a s - t i g h t  t o  t h e  g love  p o r t s .  The g loves  
s h a l l  be  s u l f u r - f r e e  t y p e  and s h a l l  b e  q u a l i f i e d  p e r  para- 
graph V.B.2.  
4. Welding Torch: The weld ing  t o r c h  o r  head s h a l l  be  g a s  o r  
water  cooled.  The wa te r  passage o f  a water-cooled t o r c h  o r  
head s h a l l  be permanently s e a l e d .  Cable and hose  connec t ions  
s h a l l  be  vacuum t i g h t .  Exposed me ta l  p a r t s  of t h e  weld ing  
t o r c h  head s h a l l  be  made of r e f r a c t o r y  meta l  o r  covered by 
r e f r a c t o r y  meta l .  For f i e l d  weld ing  i n e r t  gas  s h a l l  be  c i r -  
c u l a t e d  through t h e  t o r c h  g a s  hose  d u r i n g  chamber purging and 
welding.  
Cleaning and Handl ing 
1. Components: The f i l l e r  wire  and p a r t s  t o  be j o i n e d  s h a l l  b e  
chemica l ly  c leaned  i n  accordance wi th  NASA-Lewis S p e c i f i c a t i o n  
No. RM-1, “Chemical Cleaning  of  Columbium, Tantalum, and T h e i r  
Al loys .  It 
2. Assemblies:  If i n t e r m e d i a t e  p r o c e s s i n g  h a s  n o t  main ta ined  
t h e  c l e a n l i n e s s ,  t h e  me ta l  a d j a c e n t  (nominally 10-cm (4- inches)  
on each s i d e  of t h e  j o i n t )  t o  t h e  weld s h a l l  b e  r ec l eaned  p e r  
NASA-Lewis S p e c i f i c a t i o n  No. RM-1. 
3.  Handling: Cleaned p a r t s ,  components, and a s sembl i e s  s h a l l  be  
handled  w i t h  c l e a n ,  l i n t - f r e e  g loves .  
4. Metal  Vapors: Depos i t s  of  me ta l  vapor s  produced by t h e  weld- 
i n g  p rocess  s h a l l  n o t  be cons ide red  d e t r i m e n t a l  o r  s u b j e c t  t o  
c l e a n l i n e s s  requi rements .  These f i l m s ,  however, may be removed 
by w i r e  b r u s h i n g  wi th  r e f r a c t o r y  me ta l  b rushes .  S t e e l  o r  o t h e r  
n o n r e f r a c t o r y  me ta l  b r u s h e s  must n o t  be used. 
.__ 
D. J o i n t  P r e p a r a t i o n  
1. Design: The edges o f  t h e  p a r t s  s h a l l  be  prepared  f o r  weld ing  
by machining o r  f i l i n g  a s  shown on t h e  e n g i n e e r i n g  drawing. 
2. F i x t u r i n g :  The j o i n t s  t o  be  welded s h a l l  be  p o s i t i o n e d  t o  
provide  proper  a l ignment ,  match-Bf p a r t s ,  and r o o t  opening. 
The j o i n t  edges s h a l l  n o t  b e  misa l igned  more t h a n  20 pe rcen t  
of t h e  t h i n n e r  s e c t i o n  being j o i n e d  o r  1.6-mm (1/16-inch) , 
whichever is l e s s .  
3 .  F i x t u r e  M a t e r i a l s :  The p o r t i o n  of t h e  f i x t u r e  t h a t  c o n t a c t s  
r e f r a c t o r y  meta l  a l l o y  components s h a l l  b e  made of molybdenum, 
t u n g s t e n ,  columbium, t an ta lum,  o r  t h e i r  a l l o y s .  Under no 
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c i r cums tances  s h a l l  any p a r t  of t h e  r e f r a c t o r y  meta l  a l l o y  
component c o n t a c t  any n o n r e f r a c t o r y  meta l  d u r i n g  welding.  
4. F i x t u r e  C l e a n l i n e s s :  The f i x t u r e  s h a l l  be c l e a n  and f r e e  of  
s u r f a c e  contaminat ion .  
5. Tack Welds: A f t e r  t h e  p a r t s  a r e  p r o p e r l y  p o s i t i o n e d ,  t a c k  
welds may b e  used t o  m a i n t a i n  al ignment  d u r i n g  welding.  Tack 
welds s h a l l  have complete  f u s i o n  and p e n e t r a t i o n  t o  t h e  weld- 
j o i n t  r o o t .  
E. Welding Procedures  
1. Q u a l i f i c a t i o n :  Welding s h a l l  be  done u s i n g  equipment and 
m a t e r i a l s  which have been q u a l i f i e d  per  paragraph V.B. 
2 .  P r e p a r a t i o n  of Chamber Atmosphere 
a .  Chambers Designed f o r  R e f r a c t o r y  Metal Welding - P r i o r  t o  
each weld iqg  c y c l e ,  t h e  weld ing  chamber s h a l l  be  evacuated  
t o  1 x 18- t o m o o r  b e t t e r  and t h e  f i x t u r i n g  hea ted  t o  a t  
l e a s t  50 C (120 F) f o r  a minimum 25 f o u r  hours .  A f t e r  
c o o l i n g ,  t h e  vacuum s h a l l  b e  1 x 1 0  t o r r  o r  b e t t e r  b e f o r e  
f i l l i n g  wi th  i n e r t  g a s  c o n t a i n i n g  l e s s  t h a n  2 ppm each of 
oxygen and wa te r  vapor  by volume. Before removing t h e  
g love -por t  cover  p l a t e s ,  t h e  e v a c u a t i o n  l i n e  t o  t h e  g love  
p o r t s  s h a l l  b e  c l o s e d .  
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b. F i e l d  Welding Chambers - A f t e r  evacua t ion  t o  l e s s  t h a n  
25 microns p r e s s u r e ,  t h e  chamber s h a l l  be f i l l e d  w i t h  
i n e r t  gas .  (Experience h a s  shown t h a t  it is d e s i r a b l e  
t o  ma in ta in  t h e  25 micron p r e s s u r e  l e v e l  f o r  a p e r i o d  of  
a t  l e a s t  e i g h t  h o u r s  p r i o r  t o  f i l l i n g  w i t h  i n e r t  gas . )  
I n e r t  g a s  f l o w  th rough  t h e  chamber a t  a r a t e  between 0.84 
and 2.8 std cu .meters  (30 and 100  s t d .  cu. f t . )  per  hour  
(depending on a chamber volume) s h a l l  t h e n  be  e s t a b l i s h e d  
and main ta ined  th roughou t  t h e  we ld ing  pe r iod .  
Welding Atmosphere: Welding s h a l l  be  conducted i n  an i n e r t  
gas  which does n o t  exceed 5 ppm oxygen, 15 ppm n i t r o g e n ,  and 
20 ppm mois tu re  c o n t e n t  (10 ppm m o i s t u r e  c o n t e n t  i n  t h e  c a s e  
of components t o  c o n t a i n  l i t h i u m ) .  Moisture  and oxygen con- 
t e n t s  s h a l l  be con t inuous ly  monitored d u r i n g  weld ing .  Ca l i -  
b r a t i o n  of t h e  oxygen a n a l y s i s  sys tem s h a l l  b e  checked b e f o r e  
and a f t e r  each day of t h e  weld ing  o p e r a t i o n  by comparison 
w i t h  i n e r t  g a s  hav ing  a known impur i ty  c o n t e n t .  The r e sponse  
of t h e  moi s tu re  a n a l y s i s  system s h a l l  be  checked d u r i n g  weld- 
ing by comparison w i t h  sys tem performance r eco rded  d u r i n g  
chamber q u a l i f i c a t i o n .  
i 
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4. 
5. 
6. 
7. 
Power Supply: D i r e c t  
be used f o r  welding.  
c u r r e n t ,  s t r a i g h t  p o l a r i t y  power s h a l l  
Q u a l i t y  Cont ro l  Specimens: P r i o r  t o  t h e  t ime t h a t  t h e  f i rs t  
p iece  i s  welded and a f t e r  t h e  l a s t  p i e c e  is welded i n  each 
i n e r t - g a s  environment,  bead-on-p la te  bend specimens s h a l l  be  
prepared  wi thou t  f i l l e r  w i r e  a d d i t i o n .  The m a t e r i a l  s h a l l  
be  t a k e n  from t h e  p a r e n t  m a t e r i a l  t h a t  is b e i n g  welded,  i f  
p o s s i b l e .  I n  any e v e n t ,  t h e  p a r e n t  m a t e r i a l  f o r  t h e  bead-on- 
p l a t e  runs  s h a l l  be s i m i l a r  t o  t h e  p a r e n t  m a t e r i a l  i n  t h i c k -  
n e s s  and composi t ion.  And t h e  wid th  o f  t h e  weld beads  s h a l l  
be approximate ly  t h e  same a s  t h o s e  produced i n  t h e  p a r e n t  
m a t e r i a l  t e s t  component weldments. The bead-on-plate  bend 
specimens s h a l l  be  2 c m  (0.75-inch) wide (minimum) and 5 cm 
(2-inches) l o n g  (minimum) w i t h  a l o n g i t u d i n a l  weld bead. 
These specimens s h a l l  b e  r e t a i n e d  f o r  subsequent  chemical  
a n a l y s i s  should  f u r t h e r  i n v e s t i g a t i o n  be  d e s i r e d .  
Process  Contamination Cont ro l :  P r e c a u t i o n s  s h a l l  be t a k e n  
d u r i n g  weld ing  t o  avo id  contaminat ion  of t h e  weld me ta l  by 
t h e  t u n g s t e n  e l e c t r o d e .  
i n  t b e  i n e r t  gas  environment u n t i l  it h a s  cooled  below 150 
(300 F ) .  
Repai r  Welding: Repai r  weld ing  s h a l l  on ly  be  done upon approva l  
of t h e  P r o j e c t  Manager. 
The completed weldment s h a l l  rema&n 
C 
F. Q u a l i t y  Acceptance Requirements 
1. Weld Defec t s :  
appearance ,  have complete f u s i o n ,  and b l end  i n t o  t h e  b a s e  
meta l .  The welded j o i n t s  s h a l l  be f r e e  of t h e  f o l l o w i n g  
d e f e c t s  a s  i n d i c a t e d  by v i s u a l  and r a d i o g r a p h i c  examinat ion 
Weld d e p o s i t s  s h a l l  be  smooth and uniform i n  
and 
a .  
b. 
C. 
d. 
e .  
f .  
o t h e r  a p p l i c a b l e  i n s p e c t i o n  methods: 
Cracks of any t y p e  o r  s i z e  i n  t h e  weld me ta l  and a d j a -  
c e n t  b a s e  me ta l  
C r a t e r s  and c r a c k s  a s s o c i a t e d  w i t h  c r a t e r s  
Sur f  ace  i m p e r f e c t i o n s  ( h o l e s  , i r r e g u l a r  bead) 
Overlap of weld me ta l  on t h e  b a s e  me ta l  
Undercu t t ing  a l o n g  t h e  edges of  t h e  weld o r  d e p r e s s i o n  
o f  t h e  weld meta l  below t h e  a d j a c e n t  base  me ta l  
Damage t o  t h e  weld me ta l  and a d j a c e n t  b a s e  meta l  by 
gaseous  contaminants  
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g. I n c o r r e c t  weld p r o f i l e  and s i z e  
2 .  
h.  Lack of complete (100% j o i n t  p e n e t r a t i o n  i n  groove 
welds 
i. Incomplete  f u s i o n  between weld beads o r  between weld 
me ta l  and b a s e  meta l  
j .  P o r o s i t y  i n  t h e  weld metal  
Groove-Weld Reinforcement:  
a .  Weld r e in fo rcemen t  on t h e  f a c e  s i d e  of groove-weld j o i n t s  
s h a l l  n o t  exceed t h e  f o l l o w i n g :  
Base M e t a l  Thickness  
c m ,  (Inch) 
u p  t o  1 . 3  (1/2) 
Height  of  Reinforcement  
Maximum - mm, ( Inch) 
1.6 (l/16) 
over  1 . 3  (1/2) 2.4 (3/32) 
b .  Weld r o o t  r e in fo rcemen t  s h a l l  n o t  be  more t h a n  2 5  pe rcen t  
of t h e  t u b e  i n s i d e  d iameter  based  on ave rag ing  of t h e  d i a -  
me te r s  a t  90' i n t e r p r e t e d  from rad iog raphs .  
3 .  F i l l e t  Weld Contour: The f a c e  of a f i l l e t  weld s h a l l  b e  a t  
approximate ly  e q u a l  a n g l e s  t o  t h e  s e c t i o n s  it j o i n s ,  u n l e s s  
s p e c i f i c a l l y  no ted  o the rwise  on t h e  drawing. The weld f a c e  
may b e  s l i g h t l y  convex, f l a t ,  o r  s l i g h t l y  concave. Convex 
welds s h a l l  have a maximum convex i ty  of 0.1-S p l u s  0.8-mm 
(0.03-inch) where S is t h e  average  l e n g t h  i n  mm ( inch)  of t h e  
two l e g s  of  t h e  f i l l e d  weld. 
4. Tungsten I n c l u s i o n  L i m i t s  by Radiography: 
a. The l a r g e s t  dimension of any s i n g l e  r a d i o g r a p h i c  i n d i c a -  
t i o n  o f  t u n g s t e n  i n c l u s i o n s  s h a l l  n o t  exceed - 
(1) 0.25-mm (0.010-inch) on m a t e r i a l  up t o  2.5-mm 
(0.10-inch) t h i c k  
(2) Grea te r  t h a n  10% of t h e  me ta l  t h i c k n e s s  o r  1-mm 
(0.04-inch) ,  whichever is l e s s ,  i n  m a t e r i a l  2.5-mm 
(0. 10-inch) t h i c k  and above. 
b .  The s p a c i n g  between a d j a c e n t  t u n g s t e n  i n c l u s i o n s  s h a l l  
n o t  be  l e s s  t h a n  t h r e e  t i m e s  t h e  me ta l  t h i c k n e s s .  
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c. No more t h a n  t h r e e  i n c l u s i o n s  i n  any 2.5-cm (1- inch)  of 
weld l e n g t h  s h a l l  be al lowed.  
V. QUALITY ASSURANCE PROVISIONS 
A. Weld I n s p e c t i o n  Methods 
A l l  welded j o i n t s  s h a l l  be  i n s p e c t e d  f o r  conformance t o  t h e  
q u a l i t y  requi rements  l i s t e d  i n  1V.F- 
1. V i s u a l  I n s p e c t i o n :  For  weld q u a l i t y ,  v i s u a l  i n s p e c t i o n  s h a l l  
be done u s i n g  a 4X magnifying g l a s s  o r  b e t t e r .  
2. Radiographic  I n s p e c t i o n :  
a .  Genera l  Method - Radiographic  procedures  s h a l l  conform t o  
ASTM E94-62T. Radiographic  q u a l i t y  c o n t r o l  procedures  
s h a l l  be  t h o s e  d e s c r i b e d  i n  ASTM E142-64. 
b. Weld Sur face  P r e p a r a t i o n  - A c c e s s i b l e  s u r f a c e s  of welds  
s h a l l  be  prepared  a s  necessa ry  so t h a t  v a l l e y s  between 
beads ,  weld r i p p l e s ,  and o t h e r  s u r f a c e  i r r e g u l a r i t i e s  
a r e  b lended  s o  t h a t  r a d i o g r a p h i c  c o n t r a c t  due t o  s u r f a c e  
c o n d i t i o n  cannot  mask o r  be confused wi th  t h a t  of any 
d e f e c t  . 
c. D i s p o s i t i o n  of  Radiographs - Radiographs of weldments 
s h a l l  b e  r e t a i n e d  f o r  f u t u r e  r e f e r r a l .  
3 .  U l t r a s o n i c  I n s p e c t i o n :  Weld j o i n t s  s h a l l  be r e j e c t e d  when 
any i n d i c a t i o n  produces an ampl i tude  e q u a l  t o  o r  g r e a t e r  t h a n  
t h e  ampl i tude  produced by t h e  a p p l i c a b l e  c a l i b r a t i o n  h o l e  o r  
notch .  
4. L iqu id  P e n e t r a n t  I n s p e c t i o n :  T h i s  s h a l l  be performed per  
ASTM E165-65. 
5. Helium Leak Check: Weld j o i n t s  s h a l l  be  r e j e c t e d  when r e s u l t s  
of  a hei ium l e a k  check i n d i c a t e s  l e a k  r a t e s  g r e a t e r  t h a n  
1 x 10- s t a n d a r d  cc/sec.  
B. Q u a l i f i c a t i o n  of Welding Equipment and Procedure 
1. A p p l i c a t i o n :  Before weld ing  a c t u a l  columbium o r  t a n t a l u m  
a l l o y  p a r t s  and components, new weld ing  equipment and i n e r t  
gas  chambers s h a l l  be  q u a l i f i e d  a s  d e s c r i b e d  below: 
a .  Chambers Designed f o r  R e f r a c t o r y  Metal  Welding - Welding 
equipment t h a t  h a s  - n o t  been used  f o r  weld ing  columbium 
and t a n t a l u m  a l l o y s  t o  t h i s  S p e c i f i c a t i o n  f o r  a p e r i o d  of 
one (1) month s h a l l  be  r e q u a l i f i e d .  
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b.  F i e l d  Welding Chambers - Welding equipment t h a t  h a s  n o t  
been used f o r  weld ing  columbium and t a n t a l u m  a l l o y s  t o  
t h i s  s p e c i f i c a t i o n  f o r  a p e r i o d  of  t h r e e  (3) months s h a l l  
be r e q u a l i f i e d .  
2. Gloves: For  a l l  GTA weld ing ,  new g l o v e s  s h a l l  be i n s p e c t e d  
f o r  o u t g a s s i n g  and s u r f a c 6  b l e e d i n g  byoa chambgr evacua t ion  
c y c l e  t o  a t  l e a s t  1 x 10- t o r r  and 50 C (120 F) f o r  f o u r  
hours .  The chamber i n t e r i o r  and g love  s u r f a c e s  s h a l l  be  
examined f o r  evidence of  contaminat ion  f o l l o w i n g  t h e  t e s t .  
During t h i s  t e s t ,  c l e a n  copper b a r s  o r  s h e e t  w i l l  be  l o c a t e d  
i n  l i n e  o f  s i g h t  of  t h e  g loves  a t  no more t h a n  one f o o t  d i s -  
t a n c e .  Copper d i s c o l o r a t i o n  w i l l  b e  t a k e n  t o  r e s u l t  from 
g love  o u t g a s s i n g ,  presumably s u l f u r ,  d u r i n g  pumpdown. T h i s  
t e s t  may have t o  be  r e p e a t e d  u n t i l  t h e  o u t g a s s i n g  of t h e  
g loves  h a s  d iminished  o r  t h e  g l o v e s  a r e  r e j e c t e d  because  of 
t h e  o u t g a s s i n g  o r  f o r  o t h e r  performance c h a r a c t e r i s t i c s  such  
a s  pe rmeab i l i t y .  The g loves  employed must n o t  compromise 
t h e  system q u a l i f i c a t i o n  requi rements .  No g l o v e s  s h a l l  b e  1 _  
used which show d i s c o l o r a t i o n  of  t h e  copper .  
3.  Chamber and Tool ing:  The weld chamber, g l o v e s ,  a t t e n d a n t  
equipment,  and atmosphere moni tors  s h a l l  be  se t  up a s  f o r  
weld ing  w i t h  g love  p o r t  covers  removed a f t e r  b a c k f i l l i n g .  
a .  Chambers Designed f o r  R e f r a c t o r y  Metal Welding - The 
system s h a l l  b e  con t inuous ly  ope ra t ed  f o r  a minimum of 
f i v e  hour s  t o  observe  t h e  o v e r a l l  system re sponse  and 
atmosphere deg rada t ion  r a t e .  Weld specimens per  para-  
graph V.B.6. s h a l l  be prepared  a t  t h e  end of t h e  f i v e  
hour s  o p e r a t i o n .  Before t h e  f i v e  hour o p e r a t i o n ,  t h e  
i n e r t  gas  a n a l y s i s  f o r  oxygen, wa te r  vapor ,  and n i t r o g e n  
s h a l l  be a v a i l a b l e .  During weld ing ,  oxygen and moi s tu re  
c o n t e n t s  s h a l l  b e  monitored p e r  IV.E.3. 
b.  F i e l d  Welding Chambers - The system s h a l l  be con t inuous ly  
o p e r a t e d  f o r  a minimum of  two hours  t o  observe  t h e  over-  
a l l  system re sponse  and atmosphere deg rada t ion  r a t e .  
Weld specimens p e r  paragraph V.B.6. s h a l l  b e  prepared  a t  
t h e  end of t h e  two hour o p e r a t i o n .  
~ 4. I n e r t  Gas P u r i t y  and Monitor ing:  Before t h e  f i v e  hour  o r  
two hour  o p e r a t i o n s  d e s c r i b e d  i n  V.B.3.a. o r  V.B.3.b., t h e  
i n e r t  gas  a n a l y s i s  f o r  oxygen, m o i s t u r e ,  and n i t r o g e n  s h a l l  
be a v a i l a b l e .  During weld ing ,  oxygen and moi s tu re  c o n t e n t s  
s h a l l  b e  monitored p e r  IV.E.3. 
5. Response of  I n e r t  Gas  Ana lys i s  System: Near t h e  end of t h e  
chamber t e s t s  (V.B.3.a. o r  V.B.3.b.) and a f t e r  weld ing  t h e  
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specimens of paragraph V.B.6., approximately 20 ppm oxygen 
(80 ppm n i t r o g e n ) ,  and 50 ppm wa te r  vapor  i m p u r i t i e s  s h a l l  
be suddenly in t roduced  i n t o  t h e  chamber t o  r e c o r d  t h e  mon- 
i t o r i n g  system response .  
6. Eva lua t ion  Specimen P r e p a r a t i o n :  A f u l l  p e n e t r a t i o n  f u s i o n  
pass  s h a l l  b e  made on two samples of t h e  a p p r o p r i a t e  a l l o y  
d u r i n g  t h e  equipment q u a l i f i c a t i o n .  
be  i n  accordance wi th  t h e  requi rementsof  S e c t i o n  1V.E. The 
m a t e r i a l  t h i c k n e s s  s h a l l  be approximate ly  t h e  same a s  t h e  
p a r t s  t o  be welded w i t h  a maximum t h i c k n e s s  requi rement  of 
3.2-mm ( l h - i n c h ) .  Each specimen s h a l l  b e  6.3-cm (2.5- inches)  
(minimum) i n  l e n g t h  and 2.5-cm (1.0-inch) (minimum) i n  width.  
The weld s h a l l  be  c e n t e r e d  w i t h i n  t h e  specimen and p a r a l l e l  
t o  t h e  6.3-cm L2.5-inch) s i d e .  
a t  t h e  end of t h e  chamber t e s t  (V.B.3. a .  o r  V.B.3.b.) b u t  
b e f o r e  i n t e n t i o n a l  contaminat ion .  
Welding procedures  s h a l l  
Both specimens s h a l l  be  welded 
7. Bend T e s t s :  One weld specimen s h a l l  b e  used f o r  bend t e s t s  
a s  d e s c r i b e d  below. These tes ts  s h a l l  g e n e r a l l y  b e  performed 
a t  room t empera tu re .  
One bend specimen s h a l l  b e  c u t  6.3-cm (2.5- inches)  l o n g  
(minimum) by 2-cm (0.75-inch) wide (minimum). The weld a x i s  
s h a l l  be c e n t e r e d  w i t h i n  t h e  specimen and p a r a l l e l  t o  t h e  
l o n g  dimension. Any re inforcement  on t h e  r o o t  o f  t h e  weld 
s h a l l  b e  removed b e f o r e  t e s t i n g .  
Bend t e s t s  s h i l l  be  performed w i t h  t h e  specimens suppor ted  
on an a n v i l  having  a 75  degree  vee  and a 28.6-mm (L-l@-inch) 
span.  Loading s h a l l  b e  a p p l i e d  u s i n g  a 75  degree  vee  punch 
wi th  a r a d i u s  e q u a l  t o  t h e  me ta l  t h i c k n e s s  b e i n g  t e s t e d .  
Specimens s h a l l  b e  p laced  w i t h  t h e  f a c e  of  t h e  weld down and 
c e n t e r e d  under t h e  wedge w i t h  t h e  weld a x i s  pe rpend icu la r  t o  
t h e  bend a x i s .  Specimens s h a l l  be b e n t  90  t o  1 0 5  degrees  a t  
a uniform 5-mm (0.2-inch) p e r  minute  ram speed.  Af te r  t h e  
f i rs t  bend has  been made, t h e  specimen s h a l l  be  examined f o r  
c r a c k s ,  c u t  i n t o  h a l v e s ,  and each h a l f  bend t e s t e d .  A l l  t h r e e  
bend t e s t  specimens s h a l l  be examined f o r  c r a c k s  a t  a magni f i -  
c a t i o n  of  1OX and s h a l l  e x h i b i t  no evidence o f  c rack ing .  
8. Chemical Analyses:  Chemical a n a l y s e s  of  t h e  p a r e n t  me ta l  and 
weld me ta l  f o r  oxygen, n i t r o g e n ,  hydrogen, and carbon s h a l l  b e  
made from t h e  second weld specimen. Gas a n a l y s e s  s h a l l  be by 
vacuum f u s i o n  t e c h n i q u e s ,  and t h e  carbon s h a l l  be determined 
by t h e  combustion method. The d i f f e r e n c e  i n  c o n c e n t r a t i o n  of  
any one of  t h e  c o n s t i t u e n t s  between t h e  pa ren t  me ta l  and weld 
me ta l  ( concen t r a t ion  i n  weld m e t a l  minus c o n c e n t r a t i o n  i n  
p a r e n t  metal)  s h a l l  n o t  exceed t h e  l i m i t s  shown i n  t h e  fo l low-  
i n g  t a b l e :  
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E 1 eme n t 
Carbon 
Oxygen 
Ni t rogen  
Hy d r o gen 
I n c r e a s e  i n  Concentrat ion* 
Cb - a 1 l o y  s Ta - a l l o y s  
9 .  Q u a l i f i c a t i o n  Report:  Full r e c o r d s  of t h e s e  q u a l i f i c a t i o n  
t e s t s  s h a l l  be  r e t a i n e d  f o r - f u t u r e  r e f e r r a l .  
C. R e j e c t i o n  of Weldments 
Weldments and components n o t  conforming t o  t h i s  s p e c i f i c a t i o n  
s h a l l  be r e j e c t e d .  
D. Repor t s  
A r e p o r t  s h a l l  be submi t t ed  wi th  t h e  f i n i s h e d  p a r t s  and s h a l l  
i n c l u d e  t h e  in fo rma t ion ,  b u t  n o t  n e c e s s a r i l y  t h e  f o r m a t ,  of 
E x h i b i t  I. T h i s  r e p o r t  s h a l l  be prepared  f o r  each weld ing  c y c l e .  
A s k e t c h  o f  t h e  weld ing  arrangement s h a l l  be inc luded  i n  t h e  
r e p o r t .  
These r e p o r t s  s h a l l  be r e t a i n e d  f o r  f u t u r e  r e f e r r a l  should  sub- 
sequen t  weld e v a l u a t i o n  be d e s i r e d .  
*The v a l u e s  g iven  f o r  permissible i n c r e a s e  i n  c o n c e n t r a t i o n  of i n t e r s t i t i a l s  
i n c l u d e  an al lowance f o r  v a r i a t i o n s  i n  a n a l y s e s  dy,e t o  t h e  p r e c i s i o n  of t h e  
a n a l y t i c a l  method. 
. :  
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EXHIBIT I 
PROCESS CONTROL RECORD 
i Date S u b j e c t  
Gas Tungsten-Arc Welding Columbium, 
Tantalum, and T h e i r  A l loys  Con t rac t  No. 
P a r t  Name Drawing No. Weld No. 
Welding Machine, Manufac turer ,  and Model: 
Welding Chamber: 
Pumping System: 
Tungsten E l e c t r o d e s :  
F i l l e r  Met a 1  : 
I n e r t  Gas : 
F i x t  u r  i n g  : 
Welding Data: 
V o l t  age 
Amp e r a  ge 
T r a v e l  Speed 
Other  P e r t i n e n t  Data 
Sketch  of Welding Arrangement: (below) 
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NASA-LEWIS SPECIFICATION NO. RM-3 
ELECTRON BEAM WELDING OF 
COLUMBIUM, TANTALUM, AND THEIR ALLOYS 
I. SCOPE 4 
T h i s  S p e c i f i c a t i o n  d e f i n e s  procedure  r equ i r emen t s ,  p rocess  s u b s t a n t i a -  
t i o n ,  and q u a l i t y  requi rements  f o r  e l e c t r o n  beqn weld ing  of  columbium, 
t a n t a l u m ,  and t h e i r  a l l o y s .  It may a l s o  be a p p l i e d  t o  e l e c t r o n  beam 
weld ing  of o t h e r  m e t a l s  and a l l o y s  which a r e  r e a d i l y  contaminated dur-  
i n g  welding.  
11. APPLICABLE DOCUMENTS 
AWS A3.0-69 Terms and D e f i n i t i o n s  
AWS A2.2-68 S tanda rd  Welding Symbols 
.NASA-Lewis Specif  1- 
a 
Chemical Cleaning  o f  Columbium; Tantalum, 
c a t i o n  No. RM-1 and.Their A l loys  ' 0 
NASA-Lewis S p e c i f i -  P o s t h e a t i n g  Cb-1Zr and T-111 (Ta-8W-2Hf) 
c a t i o n  No. RM-5 We lament  s * 
I 
AWS A2.2-69 Nondes t ruc t ive  T e s t i n g  Symbols 
ASTM E165-65 L i q u i d  P e n e t r a n t  I n s p g c t i o n  
ASTM E94-62T 
ASTM E142-64 
111. DEFINITIONS 
T e n t a t i v e  Recommended P r a c t i c e  f o r  Radio- 
g r a p h i c  T e s t i n g  
* .  
C o n t r o l l i n g  Q u a l i t y  o f  Radiographic  T e s t i n g  
I Li. 
.a 
E l e c t r o n  Beam Welding: 
is produced by t h e  h e a t  o b t a i n e d  %ram a c o n c e n t r a t e d  beam Composed 
p r i m a r i l y  o f  h igh  v e l o c i t y  e l e c t r o n s  impinging upon t h e  s u r f a c e s  t o  
b e  j o i n e d .  
A f u s i o n  weld ing  p rocess  whepein .cpalescence 
* 
I V  REQUIREMENTS 
A. Equipment 
1. Welding Machine : An e l e c t r o n  .beam 'welding machine s h a l l  be 
used i n  which we ld ing  is accomplished i n s r d e  a vacuum-tight 
3 
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B. 
C. 
2. 
3 .  
4. 
5. 
6. 
7 .  
chamber. The e l e c t r o n  beam machine s h a l l  be  capab le  of  
o p e r a t i o n  a t  a c c e l e r a t i n g  v o l t a g e s  of  25 KV o r  h ighe r .  
Welding Chamber: 
evacua t ion  t o  1 x 10- t o r r .  
r a t e  of p r e s s u r e  rise of  1 x-60 
a chamber p r e s s u r e  of  1 x 1 0  t o r r .  
The5welding chamber s h a l l  b e  capable  of  
I g 2 s h a l l  have a maximum t o t a l  
t o r r  pe r  hour  s t a r t i n g  a t  
E l e c t r o n  Beam Alignment: The machine s h a l l  be equipped w i t h  
proper  v i s u a l  o r  e l e c t r o n i c  a i d s  t o  a l i g n  and ma in ta in  t h e  
c o r r e c t  r e l a t i o n s h i p  between t h e  e l e c t r o n  beam and t h e  work 
d u r i n g  t h e  weld ing  o p e r a t i o n .  
Focus of t h e  E l e c t r o n  Beam: The beam s h a l l  b e  focused  on a 
r e f r a c t o r y  meta l  b l o c k  (copper b l o c k s  s h a l l  n o t  be used),, 
Welding Machine Opera tor :  Welding machine o p e r a t o r s  who per-  
form e l e c t r o n  beam weld ing  t o  t h i s  s p e c i f i c a t i o n  s h a l l  e i t h e r  
have been t r a i n e d  by a bona f i d e  mankfac turer  o f  e l e c t r o n  
beam equipment o r  s h a l l  o p e r a t e  under  d i r e c t i o n  of  such  a 
t r a i n e d  o p e r a t o r .  
F i x t u r e  M a t e r i a l s :  F i x t u r e s  and o t h e r  h o l d i n g  d e v i c e s  used 
d u r i n g  weld ing  s h a l l  be made from m a t e r i a l s  t h a t  do n o t  co r -  
rode  i n  a i r .  F i x t u r e  components t h a t  c o n t a c t  r e f r a c t o r y  
me ta l  weldments s h a l l  be made of molybdenum, tantalum,.  colum- 
bium, t u n g s t e n ,  o r  t h e i r  a l l o y s .  Under no c i r cums tances  s h a l l  
a r e f r a c t o r y  me ta l  a l l o y  component t o  be welded c o n t a c t  any 
n o n r e f r a c t o r y  me ta l  d u r i n g  welding.  
F i x t u r e  C l e a n l i n e s s :  F i x t u r e s  s h a l l  be  c l e a n  and f r e e  of 
s u r f a c e  Contaminants such a s  g r e a s e ,  o i l ,  and d i r t  of any 
k ind .  
Cleaning  and Handl ing 
1. Cleaning: The p a r t s  t o  be  j o i n e d  s h a l l  be chemica l ly  c l eaned  
i n  accordance w i t h  S p e c i f i c a t i o n  No. RM-1, "Chemical Cleaning  
of  Columbium, Tantalum, and T h e i r  A l loys .  IT 
2. Handling: Cleaned components, p a r t s ,  and a s sembl i e s  s h a l l  be 
handled w i t h  c l e a n  l i n t - f r e e  g loves .  
Welding Procedures  
1. Q u a l i f i c a t i o n :  Welding s h a l l  be done u s i n g  equipment and 
Drocedures which have been u u a l i f i e d  D e r  DaraeraDh V.B. 
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2 .  Hardware: Welding procedures  s h a l l  be e s t a b l i s h e d  p r i o r  t o  
weld ing  a c t u a l  hardware.  
3 .  Chamber P res su re :  P3 io r  t o  weld ing ,  t h e  chamber s h a l l  b e  
t o r r  o r  lowerL4 The p r e s s u r e  d u r i n g  evacuated  t o  5 x 10- 
weld ing  s h a l l  n o t  r i s e  above 5 x 1 0  t o r r .  
4. Cooling: The completed weldment s h a l l  be l e f t  i n  t h e  chamber 
f o r o a  s u f f i g i e n t  l e n g t h  of  t ime f o r  it t o  c o o l  t o  l e s s  t h a n  
150 C (300 F) .  
5. Repai r  Welding: Repai r  weld ing  s h a l l  on ly  be  done upon 
approva l  of  t h e  P r o j e c t  Manager. 
D. O u a l i t v  AcceDtance Reauirements 
Welded j o i n t s  s h a l l  be f r e e  of  t h e  f o l l o w i n g  d e f e c t s  e s t a b l i s h e d  
by any and a l l  a p p l i c a b l e  methods of  i n s p e c t i o n .  
1. Cracks i n  t h e  weld and a d j a c e n t  b a s e  meta l  
2.  C r a t e r  c r a c k s  
3 .  Surf  ace  i m p e r f e c t i o n s  ( h o l e s  , i r r e g u l a r  bead) 
4. Undercu t t ing  a long  t h e  edges of  t h e  weld 
5. Depression of  t h e  weld me ta l  below a d j a c e n t  b a s e  me ta l  
(concave s u r f a c e  a t  f a c e  of weld) 
Damage t o  weld me ta l  and a d j a c e n t  b a s e  me ta i  by contaminat ion  
from f o r e i g n  m a t e r i a l s  and t h e  ambient atmosphere 
6. 
7 .  Incomplete  f u s i o n  
8. P a r t i a l  j o i n t  p e n e t r a t i o n  'of groove welds  
9 .  Overlap of  weld me ta l  on base  me ta l  
10 .  Shr inkage  c a v i t i e s  
11. P o r o s i t y  i n  weld me ta l  
V. QUALITY ASSURANCE PROVISIONS 
A. Weld I n s p e c t i o n  Methods 
All welded j o i n t s  s h a l l  be i n s p e c t e d  f o r  conformance t o  q u a l i t y  
r equ i r emen t s  l i s t e d  i n  1V.D. 
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1. V i s u a l  I n s p e c t i o n :  V i s u a l  i n s p e c t i o n  f o r  weld q u a l i t y  s h a l l  
be  done u s i n g  a magnifying g l a s s  of  4X magn i f i ca t ion  o r  
b e t t e r .  
2. U l t r a s o n i c  I n s p e c t i o n :  E l e c t r o n  beam welded j o i n t s  s h a l l  be 
r e j e c t e d  when any i n d i c a t i o n  produces an ampl i tude  e q u a l  t o  
o r  g r e a t e r  t h a n  t h e  ampl i tude  produced by t h e  a p p l i c a b l e  
c a l i b r a t i o n  h o l e  o r  no tch .  
3. L iqu id  P e n e t r a n t  I n s p e c t i o n :  T h i s  s h a l l  be  performed p e r  
ASTM E165-65. 
4. Helium Leak Check: Welds s h a l l  be r e j e c t e d  when r e s u l t s  o f  
a he l iuR  l e a k  check i n d i c a t e s  l e a k  r a t e s  g r e a t e r  t h a n  
1 x 10-  s t a n d a r d  cc/sec. 
5. Radiographic  I n s p e c t i o n :  I n s p e c t i o n  s h a l l  r e v e a l  no c r a c k s  
o r  v o i d s  u s i n g  q u a l i t y  c o n t r o l  procedures  conforming t o  
ASTM E94-62T. 
B. O u a l i f i c a t i o n  of Welding Euuiument and Procedure 
1. E l e c t r o n  Beam Vacuum Chamber: P r i o r  t o  weld ing  t h e  f i r s t  
piece,  t h e  t o t a l  r a t e  of  p r e s s u r e  rise i n  t h e  weld ing  chamber 
s h a l l  b e  determined p e r  IV.A.2. 
2 .  Welding o f  Shee t  Coupon f o r  Bend T e s t i n g :  P r i o r  t o  weld ing  
a c t u a l  comuonents. a f u l l  Rene t r a t ion  bead-on-plate  weld s h a l l  
be made i n - a  s h e e t  coupon of t h e  same a l l o y  a s - p r o d u c t i o n  
p a r t s .  The coupon s h a l l  b e  about  t h e  same t h i c k n e s s  a s  t h e  
p roduc t ion  weld j o i n t  b u t  w i t h  a minimum of  0.8-mm (.03-inch) 
and a maximum of  3.2-mm (-125-inch)  and a l e n g t h  of  about  
15-cm (6- inches) .  
3.  C u t t i n g  of  Coupon: Four  s t r i p s  1.3-cm (1/2-inch) wide x 3.2-cm 
(l-1/4-inch) l o n g  s h a l l  be  c u t  f rom t h e  coupon w i t h  t h e  weld 
bead p a r a l l e l  t o  t h e  l e n g t h  and cen te red .  
4. Procedure f o r  Bend Tes t ing :  
s h a l l  b e  bend t e s t e d  t r a n s v e r s e  t o  t h e  l e n g t h  u s i n g  a 75 
V-block and mat ing  V-punch w i t h  a bend r a d i u s  e q u a l  t o  t h e  
me ta l  t h i c k n e s s .  Weld d rop- th ru  s h a l l  b e  removed b e f o r e  
t e s t i n g .  Two coupons s h a l l  be b e n t  w i t h  weld f a c e  i n  t e n s i o n  
and a t h i r d  coupon w i t h  t h e  weld r o o t  i n  t e n s i o n .  
Bend Tgs t  Requirements:  A l l  t e s t  specimens s h a l l  be b e n t  90' 
t o  105" a t  a uniform 5-mm (0.2-inch) p e r  minute  ram speed.  
The b e n t  m a t e r i a l  s h a l l  be  examined f o r  c r a c k s  a t  4X magnifi-  
c a t i o n .  
Three  of t h e  f o u r  welded s t g i p s  
5. 
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6. 
7 .  
Sto rage  o f  Extra  Welded S t r i p :  
accompany t h e  product ion  welded pieces. Th i s  s t r i p  s h a l l  be 
s t o r e d  w i t h  t h e  p rocess  c o n t r o l  r e c o r d s  f o r  f u t u r e  r e f e r e n c e .  
A f o u r t h  welded s t r i p  s h a l l  
Requirements f o r  P a r t i a l  P e n e t r a t i o n  Welds: If a p a r t i a l  
p e n e t r a t i o n  weld is r e q u i r e d ,  such a s  i n  an  end-cap-to- 
c y l i n d e r  weld,  m e t a l l o g r a p h i c  s e c t i o n s  s h a l l  be t a k e n  l o n g i -  
t u d i n a l  and t r a n s v e r s e  t o  t h e  weld ing  d i r e c t i o n .  
s h a l l  be made f o r  r o o t  d e f e c t s  such a s  v o i d s ,  po res ,  o r  c r a c k s .  
If such d e f e c t s  a r e  p r e s e n t ,  t h e  welding parameters  s h a l l  b e  
a d j u s t e d  i n  o r d e r  t o  avo id  t h e s e  d e f e c t s .  
Examination 
C. R e j e c t i o n  of Weldments 
Weldments and components n o t  conforming t o  t h i s  s p e c i f i c a t i o n  
s h a l l  be r e j e c t e d .  
D. Repor t s  
Repor ts  s h a l l  be  submi t ted  w i t h  f i n i s h e d  p a r t s  g i v i n g  a l l  vacuum 
measurement, weld ing  d a t a ,  p rehea t ing ,  p o s t h e a t i n g ,  and weld ing  
equipment and procedure q u a l i f i c a t i o n  t e s t  d a t a .  I n s p e c t i o n  
r e p o r t s  s h a l l  a l s o  be  f u r n i s h e d  a s  r e q u i r e d  by o t h e r  a p p r o p r i a t e  
s p e c i f i c a t i o n s .  A l l $ e p o r t s ,  X-rays,  c h a r t s ,  e t c . ,  s h a l l  refer-  
ence  t h e  a p p r o p r i a t e  drawing number, p a r t  number, and  weld number. 
T h i s  r e p o r t  f o r  each weld ing  c y c l e  s h a l l  i n c l u d e  t h e  in fo rma t ion  
l i s t e d  i n  E x h i b i t  I and o t h e r  p e r t i n e n t  in format ion .  
These r e p o r t s  s h a l l  be r e t a i n e d  f o r  f u t u r e  r e f e r r a l  should  sub- 
sequen t  weld e v a l u a t i o n  b e  d e s i r e d .  
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EXHIBIT I 
PROCESS CONTROL RECORD 
Date S u b j e c t  
E l e c t r o n  Beam Welding of  Columbium, Tantalum, 
and T h e i r  A l loys  Cont rac t  No. 
P a r t  Name Drawing No. Weld No. 
Welding Machine : 
Manufacturer  
Model 
Welding Chamber: 
Pumping System: 
E l e c t r o n  Gun : 
F i x t u r  i n g  : 
Welding Cont ro ls :  
Welding Data : 
Vo It age 
Amperage 
T r a v e l  Speed 
Beam Motion 
Chamber P r e s s u r e  
Other  P e r t i n e n t  Data 
Sketch  of  Welding Arrangement: (below) 
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NASA-LEWIS SPECIFICATION NO. RM-4 
J 
I. 
11. 
I11 0 
I V  m 
RESISTANCE-SPOT WELDING OF REFRACTORY METAL FOIL 
TO REFRACTORY METAL COMPONENTS 
SCOPE 
T h i s  s p e c i f i c a t i o n  cove r s  t h e  procedures  t o  be fo l lowed  f o r  a l l  
r e s i s t a n c e  s p o t  weld ing  f o r  a t t a c h i n g  r e f r a c t o r y  meta l  f o i l  t o  
r e f r a c t o r y  meta l  p i p i n g  and o t h e r  components. 
APPLICABLE DOCUMENTS 
AWS A3.0-69 Terms and D e f i n i t i o n s  
AWS A2.0-68 Standard  Welding Symbols 
AWS Cl.1-66 Recommended P r a c t i c e s  f o r  R e s i s t a n c e  Welding 
NASA-Lewis S p e c i f i -  Chemical Cleaning  of Columbium, Tantalum, 
c a t i o n  No. RM-1 and T h e i r  A l loys  
NASA-Lewis S p e c i f i -  P o s t h e a t i n g  Cb-1Zr and T-111' (Ta-8W-2Hf) 
c a t i o n  No. RM-5 We ldments  
DEFINITION 
R e s i s t a n c e  Spot Welding: A r e s i s t a n c e - w e l d i n g  p rocess  wherein c o a l e s -  
cence a t  t h e  f a y i n g  s u r f a c e s  is produced i n  one s p o t  by t h e  h e a t  
o b t a i n e d  from t h e  r e s i s t a n c e  t o  e l e c t r i c  c u r r e n t  th rough t h e  work 
p a r t s  h e l d  t o g e t h e r  under p r e s s u r e  by e l e c t r o d e s .  
REQUIREMENTS 
A. EcruiDment 
1. Welding Machine: A c a p a c i t a n c e  d i s c h a r g e  s p o t  weld ing  machine 
is r e q u i r e d .  
2.  E l e c t r o d e s :  The r e s i s t a n c e  s p o t  weld ing  machine s h a l l  be  
equipped w i t h  molybdenum e l e c t r o d e s  w i t h  broad  t i p s ,  3.2-mm 
(1/8-inch) d iameter .  
3 .  Argon Sh ie ld ing :  An argon supply  t u b e  s h a l l  be  a t t a c h e d  t o  
t h e  weld gun wi th  t h e  end of  t h e  t u b e  l o c a t e d  1.3-cm (1/2- 
inch)  f rom t h e  e l e c t r o d e  t i p .  Argon s h a l l  be  s u p p l i e d  th rough  
t h i s  t u b e  t o  b l a n k e t  t h e  s p o t  weld a r e a  a t  a l l  t i m e s  when s p o t  
welds a r e  made. 
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4. Power S e t t i n g :  Power/energy s e t t i n g  s h a l l  n o t  exceed 200 
wat t -seconds and s h a l l  b e  determined by making sample welds  
on r e f r a c t o r y  me ta l  specimens of  t h e  same m a t e r i a l  and t h i c k -  
n e s s  p r i o r  t o  making t h e  welds  on t h e  a c t u a l  sys tem o r  com- 
ponents .  
5. Ground Clamp: Ground connec t ions  s h a l l  b e  made t o  a non- 
r e f r a c t o r y  meta l  p o r t i o n  o f  t h e  system (e .g . ,  s t a i n l e s s  s t e e l  
p o r t i o n  of  b i m e t a l l i c  j o i n t )  when p o s s i b l e .  If a s u i t a b l e  
s t a i n l e s s  s t e e l  l o c a t i o n  is n o t  a v a i l a b l e ,  t h e n  a r e f r a c t o r y  
me ta l  (columbium, t an ta lum,  t u n g s t e n ,  molybdenum, o r  t h e i r  
a l l o y s )  clamp must b e  a t t a c h e d  t o  an a p p r o p r i a t e  l o c a t i o n  on 
t h e  system and t h e  ground clamp a f f i x e d  t o  t h e  r e f r a c t o r y  
m e t a l  clamp. Under no c i rcumstances  s h a l l  an e l e c t r i c a l  con- 
n e c t i o n  f o r  s p o t  weld ing  b e  made d i r e c t l y  between a r e f r a c t o r y  
meta l  component of t h e  system and a n o n r e f r a c t o r y  me ta l  ground 
clamp. 
6 .  F i x t u r i n g :  Nonref rac tory  me ta l  f i x t u r i n g  s h a l l  n o t  be p e r m i t -  
t e d  t o  c c h t a c t  t h e  r e f r a c t o r y  m e t a l s  b e i n g  welded d u r i n g  t h e  
s p o t  weld ing  p rocess .  
B. Cleaning and Handling 
1. Cleaning: The r e f r a c t o r y  me ta l  component and t h e  r e f r a c t o r y  
me ta l  f o i l  t h a t  a r e  t o  b e  s p o t  welded s h a l l  b e  c l eaned  p e r  
NASA-Lewis S p e c i f i c a t i o n  RM-1. 
2 .  Handling: Cleaned components, p a r t s ,  and a s sembl i e s  s h a l l  be 
handlea  wi th  c l e a n ,  l i n t - f r e e  g loves .  
C. Welding Procedure 
The powerfenergy s e t t i n g  s h a l l  be a d j u s t e d  and t h e  molybdenum 
e lec3 rodes  des igned  t o  produce a rgon-sh ie lded  r e s i s t a n c e - s p o t  
welds .  These procedures  s h a l l  be e s t a b l i s h e d  (per  V.B,) p r i o r  
t&;@&elding a c t u a l  hardware.  
D.  Q u a l i t y  Acceptance Requirements 
The s p o t  welds  s h a l l  show no c r a c k s ,  v o i d s ,  o r  e x p e l l e d  me ta l .  
V. QUALITY ASSURANCE PROVISIONS 
A. Weld I n s p e c t i o n  Method 
A l l  s p o t  welds  s h a l l  be  i n s p e c t e d  v i s u a l l y  u s i n g  a 4X magnif i -  
c a t i o n  o r  be t t e r .  
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B. Q u a l i f i c a t i o n  of Welding Procedure 
P r i o r  t o  s p o t  weld ing  t h e  f o i l  t o  t h e  component, a s i n g l e  s p o t  
weld s h a l l  be  made i n  s h e e t  coupons of t h e  same a l l o y  i n  about  
t h e  same t h i c k n e s s e s .  P e e l  t e s t s  s h a l l  be  made per  AWS Cl.1-66 
t o  demonst ra te  t h a t  s u f f i c i e n t  p e n e t r a t i o n  h a s  been achieved .  
Metal  f rom t h e  f o i l  must b e  t o r n  o u t  i n  i ts  e n t i r e t y  ( a s  a b u t t o n )  
i n  o r d e r  t o  demonst ra te  adequate  weld q u a l i t y .  
C. Repor t s  
A p rocess  c o n t r o l  s h e e t  ( E x h i b i t  I) s h a l l  be  completed by t h e  
o p e r a t o r  f o r  each s e r i e s  of s p o t  welds  a p p l i e d  t o  a s i n g l e  r e f r a c -  
t o r y  me ta l  component o r  a s e c t i o n  of system p i p i n g  between com- 
ponents .  These r e p o r t s  s h a l l  be  r e t a i n e d  a s  a p a r t  of t h e  q u a l i t y  
a s su rance  r e c o r d s  f o r  t h e  sys tem b e i n g  c o n s t r u c t e d .  
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EXHIBIT I 
PROCESS CONTROL RECORD 
Subject: Resistance-Spot Welding Refractory Metal Foil to Refractory 
Metal Components 
Contract No. : 
Installation Drawing No. : 
Name of Component o r  
Description, Df Pipe: 
Model and Serial No. of Spot Welding Machine: 
Type of Electrode Used: 
Argon Cover Gas On:  
Type and Thickness of Material Welded: 
Sample Weld Made: 
Watt-Second Setting Used: 
'' Location of Ground Connection: 
Remarks : 
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NASA-LEWIS SPECIFICATION NO. RM-5 
I, 
,, 
11. 
111. 
" 
POSTHEATING OF Cb-1Zr AND T-111 (Ta-8W-2Hf) WELDMENTS 
SCOPE 
High t empera tu re  ag ing  r e a c t i o n s ,  r e s u l t i n g  i n  weld embr i t t l emen t ,  
make it necessa ry  t o  p o s t h e a t e  a l l  Cb-1Zr weldments and T-111 (Ta- 
8W-2Hf) weldments which w i l l  be exposed t o  l i q u i d  a l k a l i  meta ls .  
T h i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  procedures ,  p rocess  s u b s t a n t i a -  
t i o n ,  and q u a l i t y  requi rements  for p o s t h e a t i n g  a l l  Cb-1Zr and T-111 
g a s  t u n g s t e n - a r c  and e l e c t r o n  beam weldments. 
APPL I CABLE D 0 CUMENTS 
AWS A3.0-69 Terms and D e f i n i t i o n s  
NASA-Lewis S p e c i f i -  Chemical Cleaning  of Columbium, Tantalum, 
c a t i o n  No. RM-1 and T h e i r  A l loys  
REOUIREMENTS 
A. Equipment 
1. Q u a l i f i c a t i o n :  Vacuum a n n e a l i n g  s h a l l  b e  performed u s i n g  
equipment which h a s  been q u a l i f i e d  i n  accordance w i t h  
S e c t i o n  I V ,  
2. Heat Sources :  Weldments may be  annea led  i n d i v i d u a l l y  by 
a p p l i c a t i o n  of  l o c a l  h e a t  s o u r c e s  i n  a vacuum environment 
o r  by vacuum f u r n a c e  a n n e a l i n g  of  welded assembl ies .  
3 .  Loca l  Heat ing:  The h e a t e r  s h a l l  have on ly  r e f r a c t o r y  m e t a l s  
i n  t h e  h o t  zone. Dense v i t r i f i e d  alumina (99.2% p u r i t y )  s h a l l  
be  used a s  t h e  h e a t e r  e l e c t r i c a l  i n s u l a t i o n  i n  t h e  c o l d  zone 
of t h e  f u r n a c e .  
4. Vacuum Furnaces:  Vacuum f u r n a c e s  s h a l l  b e  r a d i a n t - h e a t e d ,  
co ld-wal l  t y p e  wi th  r e f r a c t o r y  me ta l  h e a t e r  e lements  and 
primary h e a t  s h i e l d s .  Permanent h e a r t h  m a t e r i a l s  and s u p p o r t  
f i x t u r e s  s h a l l  be c o n s t r u c t e d  from r e f r a c t o r y  me ta l s .  
B.  Cleaning  
Weldments o r  a s sembl i e s  whose s u r f a c e s  have been contaminated 
subsequent  t o  weld ing  s h a l l  b e  c l eaned  i n  accordance w i t h  NASA- 
Lewis S p e c i f i c a t i o n  No. RM-1, "Chemical Cleaning  o f  Columbium, 
Tantalum, and The i r  A l l o y s . "  
*Pos thea t ing :  Any h e a t i n g  o f  a weldment immediately a f t e r  welding.  
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C. Anneal inn Procedures  
J 
1. 
2. 
3. 
4. 
5 .  
P r o t e c t i v e  Wrappers: M a t e r i a l s  t o  be  annealed s h a l l  be 
enc losed  i n  a chemica l ly-c leaned  t an ta lum,  columbium, o r  
Cb-1Zr a l l o y  c o n t a i n e r  o r  wrapped w i t h  a t  l e a s t  one over-  
l a p p i n g  l a y e r  of  c l e a n  t an ta lum,  columbium, or  Cb-1Zr a l l o y  
f o i l  0.05-mm (0.002-inch) t h i c k  o r  g r e a t e r .  In  l o c a l  annea l -  
i n g ,  t h e  above wrap is n e c e s s a r y  o n l y  over  t h e  hea ted  p o r t i o n  
of t h e  assembly. 
Vacuum: 
p r e s s u r e  s h a l l  be  main ta ined  a t  l ox  10- 
t h e  p a r t  tQmpera ture  is above 260 
of 1 x 10- t o r r  d u r i n g  t h e  time t h a t  t h e  p a r t  is b e i n g  
brought  t o  t empera tu re .  
a i r  u n t i l  it has  cooled  below 150 C (300 F) .  
For  e i t h e r  l o c a l  o r  vacuum fu ryace  annea l ing ,  t h e  
g o r r  o r  less when 
C (500 F) and a maximum 
The p a r t o s h a l l  n g t  b e  exposed t o  
Anneal ing Cycle: The weldments s h a l l  b e  pos thea ted  a s  f o l l o w s :  
Cb a l l o y s :  1200° C f 13' C - 1 hour (2200' F f 25' F - 1 hour)  
Ta a l l o y s :  1315' C * 13' C - 1 hour (2400° F 25' F - 1 hour) 
The h e a t i n g  r a t e  f o r  t h e s e  a n n e a l s  s h a l l  n o t  exceed $50' c 
(1200° F) p e r  hour .  
Temperature Measurement: The t empera tu re  of t h e  weld j o i n t  
s h a l l  be measured by a t  l e a s t  one W-Re t y p e  thermocouple h e l d  
i n  mechanical  c o n t a c t  w i th  t h e  weld j o i n t  r eg ion .  Pt/Pt-Rh 
thermocouples  may be used if t h e  thermocouple j u n c t i o n  is 
s e p a r a t e d  from t h e  weldment by a t  l e a s t  one wrap of p r o t e c t i v e  
r e f r a c t o r y  me ta l  f o i l .  I n t i m a t e  c o n t a c t  i s  necessa ry  a t  t h e  
thermocouple-f oil-weldment i n t e r f a c e s  t o  a s s u r e  t r u e  weldment 
s u r f a c e  t empera tu re  measurement. When numerous weldments a r e  
annealed a s  an assembly,  a t  l e a s t  two W-Re thermocouples  s h a l l  
be  a t t a c h e d  t o  weldments r e p r e s e n t i n g  t h e  t h i n n e s t  and h e a v i e s t  
weld c r o s s - s e c t i o n s  of t h e  assembly. A d d i t i o n a l  thermocouples  
s h a l l  be a t t a c h e d  t o  t h e  assembly a s  r e q u i r e d  t o  provide  un i -  
form t empera tu re  d i s t r i b u t i o n ;  i . e . ,  normal ly ,  a p o i n t  c l o s e s t  
t o  t h e  h e a t e r  and a t  t h e  c e n t e r  of  t h e  assembly. 
F i x t u r i n g :  Assemblies s h a l l  be  f i x t u r e d  o r  p o s i t i o n e d  i n  t h e  
f u r n a c e  t o  minimize d i s t o r t i o n  d u r i n g  t h e  annea l ing  c y c l e .  
A l l  f i x t u r e s ,  s u p p o r t s ,  o r  f u r n a c e  members which c o n t a c t  t h e  
p a r t s  o r  a s sembl i e s  d u r i n g  t h e  a n n e a l i n g  c y c l e  s h a l l  b e  made 
from r e f r a c t o r y  me ta l s .  
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6. Q u a l i t y  Con t ro l  Specimens: A t  l e a s t  one c o n t r o l  specimen of 
t h e  p a r e n t  a l l o y  s h a l l  accompany t h e  welded components o r  
a s sembl i e s  d u r i n g  p o s t h e a t i n g  i n  vacuum. T h i s  specimen s h a l l  
weigh 1 0  grams o r  more, w i t h  a t h i c k n e s s  r e p r e s e n t a t i v e  of 
t h e  components b e i n g  annea led .  A f t e r  chemical  c l e a n i n g ,  t h e  
specimen may be  e n c l o s e d  under t h e  p r o t e c t i v e  f o i l  wrap des-  
c r i b e d  i n  I I I . C . l . ,  o r  it may be  wrapped w i t h  f o i l  i n  a 
manner e q u i v a l e n t  t o  t h e  p a r t s  o r  a s sembl i e s .  
The above specimens s h a l l  b e  permanently marked w i t h  t h e i r  
m a t e r i a l  c o n t r o l  number and s h a l l  b e  submi t t ed  w i t h  t h e  
f i n i s h e d  p a r t s .  Specimens s h a l l  be  tagged  w i t h  t h e  drawing 
number, p a r t  number (weld number when l o c a l i z e d  a n n e a l i n g  is 
used) and s e r i a l  number of each p a r t  o r  assembly r e p r e s e n t e d  
by t h e  specimens.  
These q u a l i t y  c o n t r o l  specimens s h a l l  be  r e t a i n e d  f o r  sub- 
sequen t  chemical  a n a l y s i s  shou ld  an i n v e s t i g a t i o n  of vacuum 
environment contaminat ion  be d e s i r e d .  
IV.  QUALITY ASSURANCE PROVISIONS 
A. O u a l i f i c a t i o n  of  Anneal ing EcruiDment and Procedures  
Before  a n n e a l i n g  welded j o i n t s  o r  components, new a n n e a l i n g  pro-  
cedures  and equipment s h a l l  be  q u a l i f i e d  o r  d e s c r i b e d  below t o  
i n s u r e  t h a t  weldments a r e  n o t  contaminated n o r  e m b r i t t l e d  d u r i n g  
h e a t  t r e a t m e n t .  Once q u a l i f i e d ,  t h e  f u r n a c e  can l o s e  i t s  q u a l i -  
f i c a t i o n  s t a t u s  f o r  any one of t h e  f o l l o w i n g  r easons :  
1. Prolonged Disuse:  The f u r n a c e  h a s  n o t  been used f o r  a n n e a l i n g  
columbium, molybdenum, t u n g s t e n ,  t a n t a l u m ,  o r  t h e i r  a l l o y s  t o  
t h i s  s p e c i f i c a t i o n  f o r  a pe r iod  of t h r e e  months. 
2 .  Nonre f rac to ry  Metal  Usage: Me ta l s  o t h e r  t h a n  columbium, 
t a n t a l u m ,  molybdenum, t u n g s t e n ,  o r  t h e i r  a l l o y s  a r e  annea led  
i n  t h i s  f u r n a c e .  
3 .  Specimen Contamination: Ana lys i s  of q u a l i f i c a t i o n  specimens 
(1V.B.) i n d i c a t e  f u r n a c e  contaminat ion .  
B. Oua l i f  i c a t i o n  Suecimens 
Two specimens of e i t h e r  Cb-1Zr o r  T-111 a l l o y ,  each weighing 1 0  
grams o r  more, s h a l l  b e  mechanica l ly  shea red  from s h e e t  having  a 
t h i c k n e s s  r e p r e s e n t a t i v e  of  t h e  components t o  be  annea led  w i t h  a 
maximum t h i c k n e s s  of 1 . 6 - m m  (1/16-inch). Both specimens s h a l l  b e  
chemica l ly  c l eaned  p e r  NASA-Lewis S p e c i f i c a t i o n  No. RM-1. 
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C. 
D. 
E. 
F. 
G.  
Vacuum Anneal ing 
One q u a l i f i c a t i o n  specimen s h a l l  be wrapped i n  p r o t e c t i v e  f o i l  
pe r  I I I . C . l .  Rnd s h a l l  b e  annea led  u s i n g  t h e  annea l ing  c y c l e ,  
p rocedures ,  and equipment i n  accordance w i t h  t h e  requi rements  of  
S e c t i o n  111. 
Reference SDecimen 
The o t h e r  specimen s h a l l  b e  r e t a i n e d  annea led  t o  be analyzed 
w i t h  t h e  annea led  specimen. The ana i s  o f  t h e  unannealed 
specimen s h a l l  be  t h e  r e f e r e n c e  s t a n d a r d  t o  which t h e  a n a l y s i s  
of  t h e  annea led  specimen is compared f o r  contaminat ion  q u a l i f i -  
c a t i o n .  
Chemical Analvses  
Chemical a n a l y s e s  of  bo th  t h e  annea led  and unannealed specimens 
s h a l l  b e  made f o r  oxygen, n i t r o g e n ,  hydrogen, and carbon.  Gas 
a n a l y s e s  s h a l l  be  by vacuum f u s i o n  t e c h n i q u e s ,  and carbon s h a l l  
be determined by t h e  combustion method. The d i f f e r e n c e  i n  con- 
c e n t r a t i o n  of  any one of t h e  c o n s t i t u e n t s  between t h e  annealed 
and unann a l e d  specimen ( concen t r a t ion  i n  annealed specimen minus 
c o n c e n t r a t i o n  i n  t h e  unannealed specimen) s h a l l  n o t  exceed t h e  
l i m i t s  shown i n  t h e  f o l l o w i n g  t a b l e :  
P 
I n c r e a s e  i n  Concentrat ion* 
Element 
Carbon 
Oxygen 
Ni t rogen  
Hy d r o gen 
Re i e c t  i o n  
Cb-1Zr T-111 
Weldments and components whose a n n e a l i n g  t r e a t m e n t  h a s  n o t  con- 
formed t o  t h i s  s p e c i f i c a t i o n  s h a l l  be r e j e c t e d .  
Repor ts  
A r e p o r t  s h a l l  be submi t t ed  wi th  t h e  f i n i s h e d  p a r t s  and s h a l l  
i n c l u d e  t h e  in fo rma t ion ,  b u t  n o t  n e c e s s a r i l y  t h e  format  of 
E x h i b i t  I. T h i s  r e p o r t  s h a l l  be  prepared  f o r  each p o s t h e a t i n g  
t r e a t m e n t .  T h i s  r e p o r t  s h a l l  b e  r e t a i n e d  f o r  f u t u r e  referral  
shou ld  a subsequent  e v a l u a t i o n  of  vacuum environment contamina- 
t i o n  b e  d e s i r e d .  
*The v a l u e s  g iven  f o r  pe rmis s ib l e  i n c r e a s e  i n  c o n c e n t r a t i o n  of  i n t e r s t i t i a l s  
i n c l u d e  a n  al lowance f o r  v a r i a t i o n s  i n  a n a l y s e s  due t o  t h e  p r e c i s i o n  of  t h e  
a n a l y t i c a l  method. 
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EXHIBIT I 
PROCESS CONTROL RECORD 
Subject: Postheating Cb-1Zr and T-111 (Ta-8W-2Hf) Weldments 
Contract No. : 
rl A. Equipment 
1. Certification Date 
2. Manufacturer and Serial Number of Furnace 
3. Manufacturer and Serial Number of Temperature Readout 
4. Manufacturer and Serial Number of Vacuum Monitoring Equipment 
B. Records 
The time/temperature/vacuum records a r e  to be attached to this record. 
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